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Ahtract: Treatment of tantalumdkyne complexes with lithio-imines at 25-50 OC fix several hours in the 
plwence of Me3Al gives primary Q-allylic amines hadg adjaamt terthy cadmu in good to excellent yields. 

Organometallic compounds of group 5 metals have been found to be excellent tools for use in organic 

syntheses.132 The reaction between unsaturated compounds and reagents possessing carbon-metal bonds is a 

key step in many stereoselective carbon-carbon bond forming processes. Thex considerations coupled with 

the importance of nitrogen-containing organic molecules prompted us to study stereoselective synthesis of 

amines, particularly allylic amines. 3 There exist two approaches for the preparation of allylic amines from 

acetylenes and imine derivatives. These involve the use of early transition metals as activators for the 

reactions (Scheme 1). In one of the approaches, reported by Buchwald‘@b and Livinghouse,4c (IQ-allylic 

smines are prepared in a stereoselective fashion via the reaction of zirconocene-imine complexes with 

acetylenes (path A).5 We recently reported an alternative approach to allylic amine derivatives (path B).6 

This involves the reaction of tantalum-allqme complexes with Nfldimethylhydrazone (R4 = NM%) of 

aldehydes at 45 “C in the presence of Me+l to yield Q-allytic hydrazines. 
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Because the imine parts of the zirconocene-imine and -hydrazone complexes in path A are limited to 

those derived from aldehydes, the adjacent carbons of the formed amines must be secondq.4 The hydrszone 

approach (path B) could not be applied to the synthesis of primary hydra&es having tertiary carbons due to 
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the steric tkctors.6 We have found that the insertion process can be promoted by using a lithio-imine’a as the 

C-N component,a which is brought close to the tantahun-akyne complsr by ligand exchange.e Addition of 

nonanenitrile (2) to an ethereal solution of methyllithium at 0 “C for 1 h produced a lithio-imine 3a (A&l = 

Li).‘la Treatment of a tantahuw@dodecyne) complex 1 with the tithio-imine 3a at 50 “C for 4 h, followed by 

akaline workup produced an allylic amine 4 having E cot&ration. Ace-@&ion of the product gave the 

amine derivative 5 in 67% yield (eq. l), 
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1: Mtl=LI additive: none 50x, 4h, 67% 

25 ‘C, 20 h, 42% 
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b:Mtl=Md addtthre: none so *c, 6 h, 65% 

g:Mtl-AIM% addMVe:nUtM 5O’C, 6h, 75% 

M8gnesio-imine 3b (MtI = MgI),% derived by treatment of nonanenitrile with MeMgI (1.2 molar equiv. 

in benzene at 65 “C for 2 h, could be employed in place of the lithio-imine. Heating a mixture of the 

tantalum complex 1 and magnesio-imine 3b at 50 "C for 6 h produced 5 in 65% yield after acetylation. The 

yield was improved and the reaction was accelerated by using ahuninio-imine 3c (Mtl = AUVG+),~C which was 

produced by heating the mixture of the nitrile and MqAl(4.0 molar equiv. of 2) in benzene at 80 “C for 24 h. 

For example, treatment of the complex 1 with the ahnninio-imine 3c at 30 “C for 6 h produced 5 in 75% yield 

after acetylation. The preparation of the aluminio-imine 3c requires excess amounts of Me+. Thus, the 

beneficial effect of Me+l on the reaction between the complex 1 and the lithio-imine 3a was demonstrated in 

the presence of Me+, the reaction proceeded even at 25 “C and the yield of 5 increased to 85%. 10 

Primary allylic amines having adjacent tertiary carbons were produced from three components, 

acetylenes, nitriles, and organolithium compounds as shown in Figure 1. The yields were lower and longer 

reaction times were required in the case of a sterically congested lithio-imines. Thus, the reaction was 

conducted at 50 “C for 20 h when butyl- or phenyllithium was emp10ye-d.~~ Regioselectivities between the 

tantalum-unsymmetrical acetylene complexes and the lithio-imines were the same as those between the 

complexes and aldehydes.*e The new carbon-carbon bond was formed at the less hindered side of the 

tantalum-alkyne complex in the case of 1-trimethylsilyl-l-alkyne (Fig 1, 6).*a When methylthioacetylene was 

employed, the carbon-carbon bond was formed at the g-position of the methylthio group (Fig 1, 7).2d 
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Figure 1 
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The reaction may be explained by the mechanism shown in Scheme 2. Transmetalation of the lithio- 

imine 9 with the tantalum-alkyne complex 8 would produce a tantslio-imine 10 containing a tantala- 

cyclopropene. Ring enlargement of 10 would give an aratantalacyclopentene intermediite 11. l2 Relief of the 

strain of 10 could be the driving force of this rearmngement to 11. which can be regarded as metal analog of 

vinylcyclopropane-cyclopentene rearrangement. Quenching the reaction mixture of lla (a: Rl=R*=n-C,H, r, 

Rs=Me, R‘~=PI-C,H,,) with an NaOD solution yielded deuterated amine 12a-d in 62% yield (deuterium 

content: 88%). 
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TypicaI procedure for the reaction between an Nqne and a lithio-imine by means of a T&Is- 
Zn system: Low-valent tantalum was prepared from TaC$ (0.72 g, 2.0 mmol) and zinc (0.20 g, 3.0 mmol) in 
DME-benzene (l:l, 10 mL) as reported. 2d To the mixture was added at 25 OC a solution of 6-dodecyne (0.17 
g, 1 .O mmol) in DME-benzene (1: 1,2 mL.) and the mixture was stirred at 25 OC for 30 min. THF (6 mL) was 
added at 25 OC to the mixture and the resulting mixture was stirred at 25 “C for 15 min. A solution of a lithio- 
imine in ether-hexaae was prepared separately: A solution of nonanenitrile (0.28 g, 2.0 mmol) in ether (1.5 
mL) was added into a solution of MeLi (a 1.14 M hexane solution, 1.9 mL, 2.2 mmol) in ether (2 mL) at 0 “C 
over a period of 5 min and the resulting mixture was stirred at 0 “C for 1 h. To the mixture of tantalum-(6- 
dodecyne) complex was added the solution of lithio-imine and a benzene solution of Me+ (1 .O M, 4.0 rnL, 
4.0 mmol) at 25 “C. The resulting mixture was stirred at 25 “C for 4 h. Aqueous NaOH solution (15%, 2 
mL) was added slowly at 0 OC and the mixture was stirred at 25 “C for an additional 1 h. The deposited solid 
was removed by filtration with Hyflo-Super CelR and washed with ethyl acetate (3x5 mL). The filtrate and 
washings were dried over Na$O, and concentrated. The crude product was passed through short column 
chromatography on silica gel (ethyl acetate-hexane, 1: 10 + ethyl acetate only) and concentrated. The obtained 
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mixture was acetylated at 25 “C for 1 h with acetic anhydride (2 mL) and Et3N (2 mL) in CH2C12 (10 mL). 
PuritIcation of the mixture by cohmm chromatography on silica gel (ethyl acetate-hexane, 1:3) gave 0.3 1 g 
(85% yield) of acetyI&ed allylic amine 5. 

REFERENCES AND NOTES 

1. 

2. 

3. 

4. 

5. 

6. 
7. 

8. 

9. 

10. 

11. 

12. 

For some representative examples, see: (a) Roskamp, E. J.; Pedersen, S. F. J. Am. Gem. Sot. 1987, 
ZO9, 3152. (b) Z&m. ibid. 1987, 109, 6551. (c) Hartung J. B., Jr.; Pedersen, S. F. ibid. 1989, 111, 
5468. (d) Roskamp, E. J.; Dragovich, P. S.; Hartung, J. B., Jr.; Pedersen, S. F. J. Org. Chem. 1989, 
54, 4736. (e) Williams, A. C.; Sheffels, P.; Sheehan, D.; Livinghouse, T. Organometalrics 1989, 8, 
1566. (fl Yasuda, H.; Arai, T.; Okamoto, T.; Nakamura, A. A Organomet. Chem. 1989,361, 161. (g) 
Hirao, T.; Misu, D.; Agawa, T. J. Am. Chem. Sot. 1985,107,7179. (h) Freudenberger, J. H.; Konradi, 
A. W.; Pedersen, S. F. ibid 1989,111,8014. 
(a) Takai, K.; Kataoka, Y.; Utimoto, K. J. Org. Chem. 1990, 55, 1707. (b) Takai, K.; Miyai, J.; 
Kataoka, Y.; Utimoto, K. OrgunometaZZics 1990,9, 3030. (c) Kataoka, Y.; Oguchi, Y.; Yoshizumi, K.; 
Miwatashi, S.; Takai, K.; Utimoto, K. BUZZ. Gem. Sot. Jplr 1992, 65, 1543. (d) Kataoka, Y.; Miyai, 
J.; G&ma, K.; Takai, K.; Utimoto, K. J. Org. Chem. 1992, 57, 1973. (e) Kataoka, Y.; Miyai, J.; 
Tezuka, M.; Takai, K.; Utimoto, K. ibid 1992.57, 6796. 
For some examples of stereoselective preparation of alylhc amines, see: (a) De Kimpe, N.; Stanoeva, E.; 
Verhb, R.; S&amp, N. Synzhcsis 1988, 587. (b) Murahashi, S.-I.; Imada, Y.; Taniguchi, Y.; Kodera, 
Y. Tetrahedkon Lett. 1988, 29,2973. (c) Whited, J. K.; Yaser, H. K. J. Am. Chem. Sot. 1991,113, 
3526. See also references 4. 
(a) Buchwald, S. L.; Watson, B. T.; Wannamaker, M. W.; Dewan, J. C. J. Am. Chem. Sot. 1989, If I, 
4486. (b) Grossman, R. B.; Davis, W. M.; Buchwaid, S. L. ibid 1991, 113, 2321. (c) &men, M.; 
Livinghouse, T. ibid 1989, 111,4495. (d) Ito, H.; Taguchi, T.; Hanzawa, Y. Tetrahedron Len. 1992, 
33, 4469. 
A titanium-imine complex formed in situ by g-elimination of azatitana-cyclopenta was also reported. 
Hili, J. E.; Fanwick, P. E.; Rothwell, I. P. Orgunometa~iics 1992, If I, 1775. 
Takai, K.; Miwatashi, S. ; Kataoka, Y .; Utimoto, K. Ckm. Lett. 1992,99. 

(a) Sumreil, G. .Z Org. Gem. 1954, 19, 817. (b) Johnson, R. R.; Nicholson, J. A. J. Org. Chem. 
1965, 30, 2918. (c) Reinheckel, H.; Jahnke, D. Chem. Eer. 1964, 97, 2661. (d) Brussee, J. Chiral 
Cyznohydrtns Versatile Building Biocks in Organic Synthesis, University of Leiden 1992. 
Compounds having carbon-nitrogen double bonds, such as imines and oximes were unreactive toward 
tantalum-aikyne complexes. Insertion of a carbon-nitrogen triple bond into a tantaium-aiiqne complex, 
see: Strickler, J. R.; Wigiey, D. E. Organometa~iics 1990,9, 1665. 
(a) Lapointe, R. E.; Wolcxanski, P. T.; Van Duyne, G. D. Orgunometallics 1985, 4, I8 10. (b) Arney, 
D. J.; Bruck, M. A.; Wigley, D. E. ibid 199l,ZO, 3947. 
Addition of Me+ is also et?ixtive for the reaction between tantalum-alkyne complexes and 
hydraxones.6 Halide abstraction by the Lewis acid would produce coordinatively unsaturated tantalum 
complexes, and as a result the coordination of C=N bonds to the tantalum would be accelerated. See: 
(a) Waymouth, R. M.; &user, K. R.; Grubbs, R. H. J. Am. Chem. Sot. 1986, ZO8, 6385. (b) Jordan, 
R. F.; Bajgur, C. 8; Willett, R.; Scott, B. ibid 1986, 108, 7410. (c) Horton, A. D.; Chpen, A. G. 
Organometallics 1992, II, 1193. 
Attempt to produce an ailylic amine having an adjacent secondary carbon with aluminio-imine, derived 
from nitriie and i-BQIH, has resulted in failure. 
TantaIum-imido complexes have been isolated, see: (a) Rock&e, S. M.; S&rock, R. R. J. Am. Chem. 
Sot. 1982, 104, 3077. (b) Gray, S. D.; Smith, D. P.; Bruck, M. A.; Wigley, D. E. ibid 1992, 114, 
5462. 

(Received in Jqpun 29 October 1993; accepted 13 January 1994) 


